Interferon treatment of NIH 3T3 cells chronically infected with Moloney murine leukemia virus inhibited about 95% of virus release. This inhibition was accompanied by a three-to twofold accumulation of intracellular virions. However, this accumulation could be demonstrated only be exogenous reverse transcriptase reaction assay or radioactive labeling of the assembled viral proteins. It could not be shown by the endogenous reverse transcriptase reaction assay, which depended on endogenous viral RNA, or by labeling the encapsidated viral RNA. It was therefore evident that most of the intracellular virions accumulated in interferon-treated cells were RNA deficient. Hybridization analysis revealed that these virions were deficient of genomic viral RNA, whereas size analysis by gel electrophoresis suggested that the deficiency of 4S RNA normally packaged in Moloney murine leukemia virus was even stronger. Our data also suggested that this RNA deficiency was not due to a degradation of the encapsidated RNA, but more likely to a defect in virus assembly. RNA-lacking intracellular virions were unstable; they were found to collapse before being released.
Interferon treatment of NIH 3T3 cells chronically infected with Moloney murine leukemia virus inhibited about 95% of virus release. This inhibition was accompanied by a three-to twofold accumulation of intracellular virions. However, this accumulation could be demonstrated only be exogenous reverse transcriptase reaction assay or radioactive labeling of the assembled viral proteins. It could not be shown by the endogenous reverse transcriptase reaction assay, which depended on endogenous viral RNA, or by labeling the encapsidated viral RNA. It was therefore evident that most of the intracellular virions accumulated in interferon-treated cells were RNA deficient. Hybridization analysis revealed that these virions were deficient of genomic viral RNA, whereas size analysis by gel electrophoresis suggested that the deficiency of 4S RNA normally packaged in Moloney murine leukemia virus was even stronger. Our data also suggested that this RNA deficiency was not due to a degradation of the encapsidated RNA, but more likely to a defect in virus assembly. RNA-lacking intracellular virions were unstable; they were found to collapse before being released.
Type C retroviruses are usually assembled at the inner side of the plasma membrane and finally released from the cell surface by a budding process (13, 20, 30) . Therefore, completed virions can be detected in such cases only extracellularly. However, there are reports of a few exceptions. For instance, Friend leukemia virus particles have been illustrated by several investigators to exist in cytoplasmic vacuoles of dimethyl sulfoxide-activated erythroleukemic cells (19, 23, 28, (35) (36) (37) , in which they seem to be stored until they are expelled by opening of the vacuoles at the cell surface (28) . Early studies have shown vacuolar type C particles of Moloney murine leukemia virus (MLV) in bone marrow cells of leukemic rats (18) and particles of Moloney murine sarcoma virus in cells of solid tumors of mice (17) . Recently, we have shown, by transmission electron microscopy, the existence in large numbers of MLV particles in cytoplasmic vacuoles of the NIH 3T3 cell line (2a, 6) and provided indications to suggest that they are formed intracellularly (1) Analysis of genomic RNA sequences. Concentrated viral RNA of unlabeled virions was centrifuged through a 15 to 30% sucrose gradient; 3H-labeled 28S, 18S, and 4S RNA were used as size markers. Fractions were collected from the viral RNA-containing gradients, 50 ,ug of E. coli tRNA per ml was added to each fraction, and RNA was precipitated from these fractions by ethanol and assayed for viral genomic RNA sequences by hybridization to MLV-specific
[3H]cDNA as detailed by Salzberg et al. (34) . By using purified 70S MLV RNA, this hybridization reaction was proved to be linear within a range of 15 to 65% hybridization.
Size analysis of viral RNA by gel electrophoresis. (Fig. 1A) .
To determine the effect of IFN on the intracellular virions under these conditions, the cells were disrupted and intracellular virions were isolated in 15 to 60% sucrose gradients. An exogenous reverse transcriptase reaction assay of the gradient fractions (Fig. 1B) revealed a three-to fourfold-higher activity in the viral band of IFN-treated cells than in that of the control. However, when the enzyme activity was assayed in endogenous reactions, no significant difference was observed (Fig. 1C) . Similar results were obtained if actinomycin D was added to the endogenous reaction mixture to avoid DNA-dependent DNA synthesis, thus eliminating a possible argument that cellular DNA polymerases were measured in this experiment. A possible explanation for this discrepancy is that the increased activity of the intracellular virions of IFN-treated cells detected in the exogenous reaction represents a higher accumulation of virus particles, but most of them are probably deficient of viral RNA, which is required for measuring the enzyme activity in Effect of IFN on radioactive labeling of intracellular virions. To clarify which of the abovementioned possibilities indeed accounts for the discrepancy shown in Fig. 1B and C Fig. 1 were pelleted, and viral RNA was extracted by chloroform-isoamyl alcohol and concentrated by ethanol precipitation. This RNA was centrifuged through a 15 to 30% sucrose gradient. Fractions were collected and, after addition of 50 ,g of E. coli tRNA per ml as a carrier, the RNA of each fraction was concentrated by ethanol precipitation and analyzed for viral genomic RNA sequences by hybridization to MLV-specific [3H]cDNA. A major 70S peak of hybridizable RNA was found together with a broad spectrum of smaller hybridizable RNA molecules, which are probably a degradation product of the 70S RNA (Fig. 3) . More important is that, although the amount of virions collected from the gradient of IFN-treated cells was more than threefold higher than that of the untreated control, no significant quantitative difference could be detected between the hybridizable RNA of the virions of IFN-treated and untreated cells. It is therefore evident that the RNA deficiency of intracellular virions of IFNtreated cells involves the genomic viral RNA.
Effect of IFN on 4S RNA content of intracellular virions. To determine whether the RNA deficiency of intracellular virions of IFN-treated cells was restricted only to the viral genome, RNA was extracted from the [3H]uridine-labeled virions of the experiment presented in Fig. 2B , and the same amounts of RNA (in counts per minute) from virions of IFN-treated and untreated cells wered analyzed by gel electrophoresis. Figure 4 shows that the ratio of 4S RNA/35S RNA of the control virions (Fig. 4A ) was considerably higher than that of virions from IFNtreated cells (Fig. 4B) (Fig. 5A) . Moreover, the cytoplasmic pool sizes of both labels were determined by [3H]uridine-labeled intracellular virions, banded in the gradients shown in Fig. 2B , were sedimented, and RNA was extracted as in the legend to Fig. 3 . Equal amounts of labeled RNA (in terms of counts per minute) from control virions (A) and from virions of IFN-treated cells (B) were subjected to gel electrophoresis as described in the text. The gels were sectioned into 2-mm slices, which were extracted by 30% H202 and counted in Instagel scintillation liquid, with correction for quenching. direct filtering of cell aliquots without trichloroacetic acid treatment and subtracting from the radioactivity of these aliquots the values of trichloroacetic acid-precipitable radioactivity of parallel aliqots. It was found that these pools were promptly depleted after the cells were washed (data not shown). It (Fig. SD) . These findings strongly suggest that most of the RNAdeficient intracellular virions accumulated within IFN-treated cells collapse before being released from the cells. Furthermore, the slow decline of [3H]uridine-labeled intracellular virions of IFN-treated cells, which was almost parallel to the rate of virus release from these cells, indicates that the RNA deficiency of these virions was not due to its degradation after being encapsidated, but more likely to a defect in virus assembly. DISCUSSION IFN is known to interfere with the replication of retroviruses (9, 21) . However, the target of its action seems to vary from one system to another. For instance, in exogenous infections, it has been found to inhibit some early events before the integration of the proviral DNA into the host genome (2-4, 7, 31) . In chronically infected cells, IFN has been found to interfere with various late steps, such as posttranslational processing of viral precursor proteins (14, 29, 33, 39) , virus assembly (8, 15, 32, 38) , or its final release from the cell surface (10) (11) (12) 15) . Since unlike most other systems of retrovirus-infected cells Moloney MLV type C particles were found to be formed intracellularly in our chronically infected NIH 3T3 cells, apparently by budding into cytoplasmic vacuoles (2a), it was of interest to investigate in detail the effect of IFN on our system. In accordance with our previous reports (2a, 34), IFN was found to strongly inhibit virus release, and this inhibition was accompanied by a remarkable accumulation of intracellular virus particles. However, our present data demonstrate that most of the intracellular virions accumulating in IFN-treated cells are RNA deficient. This deficiency does not seem to result from a degradation of the encapsidated RNA during storage of the intracellular virions within IFNtreated cells, but more likely from a defect in virus assembly. It is interesting to mention that formation of RNA-deficient MLV particles has been observed also in actinomycin D-treated, virus-producing cells (22, (24) (25) (26) (27) . However, whereas the RNA deficiency observed in these cells could be attributed to the inhibition of viral RNA synthesis, in our cells IFN has been found to have no effect on viral RNA synthesis (1) . RNA deficiency in our system involved genomic viral RNA. Moreover, unlike the actinomycin D-induced deficiency, which is restricted to the 70S viral RNA (25, 26) , the deficiency imposed in our system by IFN was even stronger for the small RNA species usually packaged in retrovirus particles. Nevertheless, this uneven deficiency of the various RNA species is compatible with the observation of Levin and Seidman (26) that packaging of tRNA in MLV is independent of that of viral genomic RNA. Assembly of reverse transcriptase in virus particles has been found also to be independent of packaging of viral RNA (22, 27) . This could be the reason for our ability to demonstrate the accumulation of intracellular virions in IFN-treated cells by measuring their reverse transcriptase activity in an exogenous reaction despite their RNA deficiency. However, this RNA deficiency could lead to some additional defects in the morphogenesis of the virions, as reported by Jamjoom et al. (24) . These defects could account for the breakdown of the RNA-deficient intracellular virions observed in our IFN-treated cells. It is important to note that our data suggest that RNA-containing intracellular virions are rather stable, and it is quite possible that the residual virus release from IFN-treated cells involves only this kind of particle. Support for this proposal can be provided by our earlier observation (5) that IFN inhibits the relase of reverse transcriptase-containing virus particles and infectious virions to more or less the same extent.
